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(54) IGNITION TIMING CONTROLLER FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control with ease 
and excellent accuracy ignition timing in which a 
maximum torque is obtained. 

SOLUTION: An indicated mean effective pressure Pi 
is calculated (S2) on the basis of a detected value of 
cylinder inner pressure (S10). While ignition timing is 
corrected to be advanced (S4) when the indicated 
mean effective pressure Pi is increasingly changed 
(S3), ignition timing is corrected to lag (S6) when the 
indicated mean effective pressure Pi is decreasingly 
changed (S5), and ignition timing is retained (S7) at a 
stage that the indicated mean effective pressure Pi 
has approached a maximum value. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A cylinder internal pressure detection means to detect an engine's cylinder internal 
pressure, and an indicated-mean-effective-pressure calculation means to compute the value which is 
equivalent to an indicated mean effective pressure based on the cylinder internal pressure detected 
with this cylinder internal pressure detection means, So that the indicated mean effective pressure 
computed with this indicated-mean-effective-pressure calculation means may serve as maximum The 
electronic spark timing controller of the internal combustion engine characterized by being 
constituted including the ignition timing amendment means which carries out the lag and tooth-lead- 
angle amendment of the ignition timing, and the ignition timing control means which controls the 
ignition timing by the ignition plug based on the ignition timing amended with this ignition timing 
amendment means. 

[Claim 2] A cylinder internal pressure detection means to detect an engine's cylinder internal 
pressure, and a combustion rate operation means to calculate an engine's combustion rate based on 
the cylinder internal pressure detected with this cylinder internal pressure detection means, So that 
the period equivalent to the predetermined range of the combustion rate calculated with this 
combustion rate operation means may serve as the shortest The electronic spark timing controller of 
the internal combustion engine characterized by being constituted including the ignition timing 
amendment means which carries out the lag and tooth-lead-angle amendment of the ignition timing, 
and the ignition timing control means which controls the ignition timing by the ignition plug based 
on the ignition timing amended with this ignition timing amendment means. 
[Claim 3] A cylinder internal pressure detection means to detect an engine's cylinder internal 
pressure, and a combustion rate operation means to calculate an engine's combustion rate based on 
the cylinder internal pressure detected with this cylinder internal pressure detection means, So that 
the combustion rate calculated with said combustion rate operation means in the predetermined 
crank angle location detected with a crank angle location detection means to detect a predetermined 
crank angle location, and this crank angle location detection means may serve as desired value The 
electronic spark timing controller of the internal combustion engine characterized by being 
constituted including the ignition timing amendment means which carries out the lag and tooth-lead- 
angle amendment of the ignition timing, and the ignition timing control means which controls the 
ignition timing by the ignition plug based on the ignition timing amended with this ignition timing 
amendment means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique controlled at the ignition timing 
(Minimum advance for Best Torque:MBT) when an output and effectiveness serve as best in detail 
about an internal combustion engine's electronic spark timing controller. 
[0002] 

[Description of the Prior Art] An engine's cylinder internal pressure P is detected conventionally, and 
this cylinder internal pressure P is Max Pmax. The ignition control technique of obtaining said MBT 
(referring to drawing 1 1) is known for carrying out the lag and tooth-lead- angle amendment of the 
ignition timing so that becoming crank angle location thetapmax (refer to drawing 10) may become 
the crank angle location set up beforehand. 
[0003] 

[Problem(s) to be Solved by the Invention] However, it was difficult to have made the MBT control 
from which it is necessary to sample cylinder internal pressure for every minute crank angle in order 
to detect the crank angle location where cylinder internal pressure serves as maximum with a 
sufficient precision, cylinder internal pressure is made to sample for every minute include angle in 
practice since the crank angle sensor which can detect a minute include angle in connection with 
this, and enough short A/D converters of sampling timing are needed, and a required precision is 
acquired perform. 

[0004] Although the sampling period of cylinder internal pressure makes coarse and the 
configuration which presumes the crank-angle location where the interpolation operation of the 
change of cylinder internal pressure is carried out, and cylinder internal pressure serves as maximum 
from the result of this interpolation operation then a highly precise crank- angle sensor, and the A/D 
converter of a RF will be needed here from the cylinder internal-pressure detection value in two or 
more crank-angle locations, there was a problem that where of required sufficient precision is not 
acquired, in presumption by the above-mentioned interpolation operation. 

[0005] This invention is made in view of the above-mentioned trouble, and it aims at offering the 
electronic spark timing controller which can perform highly precise MBT control by the simple 
configuration. 
[0006] 

[Means for Solving the Problem] Therefore, invention according to claim 1 is constituted as shown 
in drawing 1 . In drawing 1 , an indicated-mean-effective-pressure calculation means computes the 
value which is equivalent to an indicated mean effective pressure based on an engine's cylinder 
internal pressure detected with a cylinder internal pressure detection means. And an ignition timing 
amendment means carries out the lag and tooth-lead-angle amendment of the ignition timing so that 
the indicated mean effective pressure computed with an indicated-mean-effective-pressure 
calculation means may serve as maximum. 

[0007] An ignition timing control means controls the ignition timing by the ignition plug based on 
the ignition timing amended with the ignition timing amendment means. If it carries out amendment 
control of the ignition timing so that an indicated mean effective pressure may serve as maximum, it 
will mean that according to this configuration it was controlled at the ignition timing when the 
maximum torque is obtained since an indicated mean effective pressure was a value proportional to 
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power torque. 

[0008] On the other hand, invention according to claim 2 is constituted as shown in drawing 2 . In 
drawing 2 , a combustion rate operation means calculates an engine f s combustion rate based on an 
engine's cylinder internal pressure detected with a cylinder internal pressure detection means. And an 
ignition timing amendment means carries out the lag and tooth-lead-angle amendment of the ignition 
timing so that the period equivalent to the predetermined range of the combustion rate calculated 
with a combustion rate operation means may serve as the shortest. 

[0009] An ignition timing control means controls the ignition timing by the ignition plug based on 
the ignition timing amended with the ignition timing amendment means. According to this 
configuration, since ignition timing is amended so that the period (a crank angle, time amount) 
equivalent to the predetermined range of a combustion rate may serve as the shortest, it will be 
controlled at the ignition timing when ignition timing will be amended at so that a big heat rate as a 
result may break out intensively, with the greatest torque is acquired. 

[0010] In addition, as for a combustion rate, it is desirable to make the time of a heat rate falling 
even to 0 into 100 %, to ask for the generating rate in each crank angle timing to total of the amount 
of heat release, and to consider as the range whose combustion percentage is 10% - 90%, for 
example as said predetermined range. Moreover, invention according to claim 3 is constituted as 
shown in drawing 3 . 

[001 1] In drawing 3 , a combustion rate operation means calculates an engine's combustion rate 
based on an engine's cylinder internal pressure detected with a cylinder internal pressure detection 
means. On the other hand, an ignition timing amendment means carries out the lag and tooth-lead- 
angle amendment of the ignition timing so that the combustion rate calculated with said combustion 
rate operation means in the predetermined crank angle location detected with a crank angle location 
detection means may serve as desired value. 

[0012] An ignition timing control means controls the ignition timing by the ignition plug based on 
the ignition timing amended with the ignition timing amendment means. If according to this 
configuration ignition timing is amended so that the combustion rate in a predetermined crank angle 
location may become desired value, it will be controlled at the ignition timing when heat release can 
be centralized for a short period of time at, with the greatest torque is acquired like invention 
according to claim 2. 
[0013] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. In 
drawing 4 which shows a system configuration, air is inhaled by the internal combustion engine 1 
through an air cleaner 2, an air intake duct 3, and an inlet manifold 4. The throttle valve 5 of the 
butterfly type interlocked with the accelerator pedal which is not illustrated is infixed in said air 
intake duct 3, and an engine's inhalation air content is adjusted by this throttle valve 5. 
[0014] Moreover, the electromagnetic fuel injection valve 6 is formed according to each gas column, 
and the gaseous mixture of a target air- fuel ratio is formed in each branch section of said inlet 
manifold 4 of the electronics control of fuel quantity by which injection supply is carried out from 
this fuel injection valve 6. The gaseous mixture attracted through the inlet valve 7 in the cylinder 
carries out ignition combustion by jump spark ignition by the ignition plug 8 prepared for every gas 
column, and combustion exhaust air is discharged through an exhaust valve 9, and is led to the 
catalyst and muffler which are not illustrated by the exhaust manifold 10. 

[0015] The fuel oil consumption by said fuel injection valve 6 and the control unit 1 1 which controls 
the ignition timing of an ignition plug 8 are constituted including a microcomputer, and Signal TVO, 
the crank angle signal from the crank angle sensor 14, the circulating-water-temperature signal Tw 
from a coolant temperature sensor 15, the cylinder internal pressure signal P from the cylinder 
internal pressure sensor 16, etc. are inputted whenever [ from the inhalation air content signal Q and 
the throttle sensor 13 from the heat ray type air flow meter 12 / throttle valve-opening ]. 
[0016] Said heat ray type air flow meter 12 detects an engine's 1 inhalation air content directly as a 
mass flow rate based on the resistance change by the inhalation air content of temperature-sensitive 
resistance. Said throttle sensor 13 detects the opening TVO of a throttle valve 5 by the potentiometer. 
Said crank angle sensor 14 (crank angle location detection means) outputs the unit include-angle 
signal for every unit crank angle, and the criteria include-angle signal for every predetermined piston 
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location, respectively. The engine rotational speed Ne is computable by measuring the occurrences 
within the predetermined time of said unit include-angle signal, or the generating period of said 
criteria include-angle signal here. 

[0017] Said coolant temperature sensor 15 is detected as temperature which represents engine 
temperature for the circulating water temperature Tw in an engine's 1 water jacket. Said cylinder 
internal pressure sensor 1 6 (cylinder internal pressure detection means) is a sensor which consists of 
a piezoelectric device of the shape of a ring with which it is equipped as a washer of the ignition plug 
8 which is indicated by JP,63-17432,U, and detects cylinder internal pressure as phase counter 
pressure to the bolting load of an ignition plug. In addition, said cylinder internal pressure sensor 16 
may be a thing of a type which is made to face [ a direct combustion chamber ] the sensor section 
besides the type with which it is equipped as a washer of an ignition plug 8 as mentioned above, and 
detects cylinder internal pressure as absolute pressure. 

[0018] Said control unit 11 determines a fundamental -points fire stage (fundamental-points fire 
tooth-lead-angle value) based on engine service conditions, such as an engine load and engine 
rotational speed, and controls the ignition timing by the ignition plug 8. Moreover, control of the 
injection quantity of said fuel injection valve 6 by the control unit 1 1 is performed by [ as being the 
following ]. 

[0019] Based on the inhalation air content Q detected with said heat ray type air flow meter 12, and 
the engine rotational speed Ne computed from the detecting signal from the crank angle sensor 14, 
the basic fuel oil consumption Tp (=KxQ/Ne:K is a constant) corresponding to a target air- fuel ratio 
is computed, amendment according to service conditions, such as a circulating water temperature 
Tw, is performed to this basic fuel oil consumption Tp, and the final fuel oil consumption Ti is 
calculated. And the driving pulse signal of the pulse width equivalent to said fuel oil consumption Ti 
is outputted to said fuel injection valve 6 to predetermined timing. Injection supply of the fuel of the 
amount which the fuel adjusted to the predetermined pressure by the pressure regulator which is not 
illustrated is supplied, and is proportional to the pulse width of said driving pulse signal is carried 
out, and the gaseous mixture of a target air- fuel ratio is made to form in a fuel injection valve 6. 
[0020] Furthermore, as said control unit 1 1 is later mentioned based on the detecting signal from said 
cylinder internal pressure sensor 16, tooth-lead-angle amendment is carried out, final ignition timing 
is set up, and it controls a lag and the ignition timing by the ignition plug 8 for said fundamental- 
points fire stage based on this ignition timing. The 1st example of this ignition timing amendment 
control is explained according to the flow chart of drawing 5 . In addition, as shown in the flow chart 
of said drawing 5 R> 5, the control unit 1 1 is equipped with the function as an indicated-mean- 
effective-pressure calculation means, an ignition timing amendment means, and an ignition timing 
control means by software. 

[0021] It sets to the flow chart of drawing 5 , and is step 1 (referred to as SI all over drawing.) first. 
The cylinder internal pressure P detected by the cylinder internal pressure sensor 16 in it being the 
same as that of the following is read. At step 2, an indicated mean effective pressure Pi is computed 
based on the detection value of said cylinder internal pressure P. Said indicated mean effective 
pressure Pi is [0022], when cylinder capacity shall be set to Vs, it shall set cylinder capacity to V and 
the cylinder internal pressure P shall be sampled for 1 degree of every crank angles. 
[Equation 1] 

P i = SPAV 

V s 

1 Po + Pt % P, +P. 

\ (V, -V 0 ) + (V, -V, > + 



Vs 2 2 

P 7 1 0 + P 7 10 
+ (V T tO -V*,. ) } 

2 

[0023] It is computed by carrying out. However, it is good also as a configuration which, for 
example, makes the integral value of cylinder internal pressure and the average of cylinder internal 
pressure in predetermined crank angle range, such as compression top dead center TDC-ATDC120 
**, compute as a value equivalent to an indicated mean effective pressure. At step 3, when the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi ejje 1/17/2006 



JP,09- 189281, A [DETAILED DESCRIPTION] 



Page 4 of 5 



indicated mean effective pressure Pi calculated at step 2 this time is compared with indicated-mean- 
effective-pressure Pi-1 which were calculated before [ a cycle of] one and the indicated mean 
effective pressure Pi is large rather than 1 cycle front, it progresses to step 4 and only a 
predetermined include angle carries out tooth-lead-angle amendment of the ignition timing 
(correction value of a fundamental-points fire stage). 

[0024] Therefore, while the indicated mean effective pressure Pi is carrying out increase change, the 
tooth lead angle of the ignition timing will be carried out gradually. On the other hand, at step 3, 
when increase change of an indicated mean effective pressure Pi is not distinguished, it progresses to 
step 5 and distinguishes whether the indicated mean effective pressure Pi calculated at step 2 this 
time is smaller than indicated-mean-effective-pressure Pi-1 calculated before [ a cycle of] one. 
[0025] And when reduction change of an indicated mean effective pressure Pi is distinguished, it 
progresses to step 6 and only a predetermined include angle carries out lag amendment of the 
ignition timing. On the other hand, when reduction change of an indicated mean effective pressure Pi 
is not distinguished at step 5, the indicated mean effective pressure Pi will carry out abbreviation 
regularity, in this case, it progresses to step 7 and a value is held last time as ignition timing (tooth- 
lead-angle correction value). 

[0026] That is, when an indicated mean effective pressure Pi changes to reduction change, what 
passes over the ignition timing when an indicated mean effective pressure Pi serves as maximum, 
and carried out the tooth lead angle too much is presumed, lag amendment of the ignition timing is 
carried out, and it is made to return at the ignition timing when an indicated mean effective pressure 
Pi serves as maximum again, although it carries out the tooth lead angle of the ignition timing 
gradually in being in the inclination for an indicated mean effective pressure Pi to increase with 
tooth-lead-angle amendment. 

[0027] According to this configuration, since ignition timing is corrected based on change of the 
indicated mean effective pressure Pi computed based on two or more sampling values of this 
cylinder internal pressure P even if it is the case that the sampling period of the cylinder internal 
pressure P is comparatively long, it is controllable at the ignition timing when the maximum torque 
is obtained with high precision. Next, the 2nd example of ignition timing amendment control is 
explained according to the flow chart of drawing 6 . In addition, as shown in the flow chart of said 
drawing 6 , the control unit 1 1 is equipped with the function as a combustion rate operation means, 
an ignition timing amendment means, and an ignition timing control means by software. 
[0028] In the flow chart of drawing 6 , the cylinder internal pressure P detected by the cylinder 
internal pressure sensor 16 is read at step 1 1 . At step 12, a heat rate qi (kcal/deg) is computed 
according to a bottom type based on the detection value of said cylinder internal pressure P. 
[0029] 



[0030] Here, for A, the Joule's equivalent and k are [ cylinder internal pressure and Vj of the ratio of 
specific beat and Pj ] cylinder capacity. At step 13, a combustion rate is computed based on the 
calculation result of said heat rate qi. Said combustion rate makes the point that the heat rate was set 
to 0 combustion rate 100 %, and is called for as a generating rate in each crank angle timing to the 
total amount of heat release (refer to drawing 7 ). 

[0031] In addition, instead of making a combustion rate compute based on the result of an operation 
of a heat rate qi, as shown in drawing 8 , it is also possible to presume the combustion rate in the 
crank angle timing concerned from the cylinder internal pressure P in three or more points which 
contain crank angle timing to ask for a combustion rate at least. It is thetaMB 10-90 whenever 
[ crank angle / which is equivalent to the predetermined range of a combustion rate (for example, 1 0 
- 90%) at step 14 ]. It asks. 

[0032] At step 15, it is thetaMB 10-90-1 whenever [ in front of 1 cycle / said crank angle ]. Newest 
value thetaMB 10-90 It distinguishes whether it is small. And it is thetaMB 10-90 whenever [ crank 
angle ]. When it is decreasing, it progresses to step 16 and only a predetermined include angle carries 
out tooth-lead- angle amendment of the ignition timing. On the other hand, it is thetaMB 10-90 
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whenever [ crank angle ] at step 15. When it is distinguished that there is nothing to a downward 
tendency, it progresses to step 17 and is thetaMB 10-90-1 whenever [ in front of 1 cycle / said crank 
angle ]. Newest value thetaMB 10-90 It distinguishes whether it is large. 

[0033] Here, it is thetaMB 10-90 whenever [ crank angle ]. When increase change is distinguished, it 
progresses to step 1 8 and only a predetermined include angle carries out lag amendment of the 
ignition timing. Moreover, it is thetaMB 10-90 whenever [ crank angle ] at step 17. It is thetaMB 10- 
90 whenever [ crank angle / when there was nothing in an increase inclination and it is 
distinguished ]. When abbreviation regularity is being carried out, it progresses to step 19 and the 
last ignition timing (tooth-lead-angle correction value) is held. 

[0034] That is, it is thetaMB 10-90 whenever [ said crank angle ]. A required precision is securable 
even if it lengthens the sampling period of the cylinder internal pressure P comparatively compared 
with the case where ignition timing is controlled based on the peak generating stage of the cylinder 
internal pressure P, since it controls by carrying out feedback amendment of the ignition timing at 
the ignition timing when the maximum torque is obtained to make it the shortest and ignition timing 
is controlled also in this case based on change of the cylinder internal pressure P between 1 cycles. 
[0035] Next, the 3rd example of ignition timing amendment control is explained according to the 
flow chart of drawing 9 R> 9. In addition, as shown in the flow chart of said drawing 9 , the control 
unit 1 1 is equipped with the function as a combustion rate operation means, an ignition timing 
amendment means, and an ignition timing control means by software. In the flow chart of drawing 9 
R> 9, the cylinder internal pressure P detected by the cylinder internal pressure sensor 1 6 is read at 
step 21. 

[0036] At step 22, the presumed operation of the combustion rate in predetermined crank angle 
timing is carried out based on the cylinder internal pressure of three containing said predetermined 
crank angle timing (R> drawing 8 8 reference). At step 23, it distinguishes whether the combustion 
rate in said predetermined crank angle timing is over desired value. 

[0037] And when it is not over desired value, it progresses to step 24 and the change direction of the 
combustion rate in said predetermined crank angle timing is distinguished. Here, when the 
combustion rate is carrying out increase change, it progresses to step 25 and only a predetermined 
include angle carries out tooth-lead-angle amendment of the ignition timing, conversely, when the 
combustion rate is carrying out reduction change, it progresses to step 26 and only a predetermined 
include angle carries out lag amendment of the ignition timing. 

[0038] It is made to, increase the combustion rate in said predetermined crank angle timing if 
possible by the tooth lead angle and lag amendment of this ignition timing, and when it is 
distinguished that the combustion rate exceeded the target at step 23, it progresses to step 27 and the 
ignition timing (tooth-lead-angle correction value) to last time is made to hold. As mentioned above, 
since ignition timing can be controlled only using the cylinder internal pressure in the crank angle 
timing of three points, ignition timing can be controlled simple. 
[0039] 

[Effect of the Invention] As explained above, according to invention according to claim 1, it is 
effective in being controllable by carrying out amendment control of the ignition timing so that an 
indicated mean effective pressure may serve as maximum with a simple and sufficient precision at 
the ignition timing when the maximum torque is obtained, being according to claim 2 — invention — 
depending — if — combustion — a rate — predetermined — the range — corresponding — a period - 
the shortest — becoming — as — ignition timing — amending — things — max ~ torque — obtaining — 
having — ignition timing — simple — and — precision — good — being controllable — ** — saying — 
effectiveness — it is . 

[0040] being according to claim 3 — invention — depending — if — predetermined — a crank angle — 
a location — it can set — combustion — a rate — desired value — becoming — as — ignition timing — 
amending — things — max — torque — obtaining — having — ignition timing — simple — and — 
precision — good — being controllable — ** — saying — effectiveness — it is . 
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